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(71) We, Magnetic Analysis Cor- 
poration, a corporation organized and exist- 
ing under the laws of the State of New York, 
United States of America, of 535 South 4th 
Avenue, Mount Vernon, State of New York, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

Eddy current testing apparatus is well- 
known, and is particularly useful in the non- 
destructive testing of conductive objects to 
determine defects or flaws therein. In such 
apparatus a test coil assembly is energized 
to induce eddy currents in an object under 
test, and responds to changes in the eddy 
current flow to produce output signals vary- 
ing with defects or flaws in the object. 

In one type of apparatus objects of uni- 
form cross-section such as bars, tubes, wires, 
etc. are continuously passed through a pri- 
mary coil in the coil assembly, and a pair 
of secondary coils connected in series 
opposition produce a null output when the 
eddy current field is uniform. Then, any 
discontinuities in the object which alter the 
eddy current magnitude or distribution will 
produce output flaw signals which are de- 
tected and indicated in a desired manner. 
Instead of having the object pass through 
the coil assembly, the assembly may be 
arranged as a probe which is moved rela- 
tive to the surface of the object under test. 

Another type of eddy current test appara- 
tus operates as a comparator, that is, an ob- 
ject is placed in one set of coils and the 
resultant signal compared with that of a 
reference object placed in another set of 
coils. Here also, the secondary coils are 
commonly connected in opposition to pro- 
duce a null signal when the objects are alike, 
and an output signal when they are unlike. 

Frequently the test coil assembly is ener- 
gized with alternating current and the out- 
put signal, modulated in amplitude or phase, 
or both, by defects or flaws is supplied to a 
pair.ofjhase-sensitive detectors which are 



gated to produce quadrature signal compon- 50 
ents which are processed and supplied to a 
cathode ray oscilloscope to produce a polar 
coordinate display of the signal amplitude 
and phase. One or the other of these quad- 
rature components may be supplied to indi- 55 
cator apparatus such as a chart recorder 
or alarm system. 

Pulse excitation of a test coil assembly is 
also known in which DC pulses are applied 
to the test coil assembly. The output signal 60 
is then gated to produce signals varying 
with changes in . the object under test. In 
such case it is important to control closely 
the duration of the pulses, the pulse ampli- 
tude and the pulse repetition frequency 65 
(PRF) to avoid extraneous signals and noise 
which might mask the edefect or flaw sig- 
nals. Also, the spacing of the sampling gates 
should be closely controlled. 

In practical test equipment it is frequently 70 
desirable to change the PRF of the pulses, 
with accompanying change in the pulse dura- 
tion, so as to change the penetration of the 
eddv currents in the object under test. 

The present invention is particularly 75 
directed to the generator of stable driving 
pulses, while allowing the PRF to be selected 
as desired. A further feature is to provide 
quadrature gating pulses which are precisely 
related to the applied pulses. 80 

Summary of the Invention 
In accordance with the invention a sine 
wave oscillator is employed, and the de- 
sired pulses are derived from the output 85 
thereof. Such oscillators are capable of high 
stability without undue expense, as by using 
a high Q tuned circuit, and the frequency 
can readily be changed by changing the 
tuned circuit. " 90 

The sine wave from the oscillator is sup- 
plied to a square wave generator which pro- 
duces a square wave having the same fre- 
quency. The square wave is supplied to a 
pulse generator, and a pulse hold-off circuit 95 
cooperates therewith to produce output 
pulses corresponding to regularly recurring 
non-sequential excursions of one polarity of 
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the square wave supplied to the pulse gene- 
rator. Thus the output pulses accurately cor- 
respond to the selected excursions of the 
square wave. 
5 The pulse hold-off circuit includes flip- 
flop means having set and reset states, and 
control means are provided which is res- 
ponsive to the set and reset states for res- 
pectively allowing and preventing the pro- 
10 duction of output pulses by the pulse gene- 
rator. Advantageously the control means in- 
cludes short-circuiting means which sub- 
stantially short-circuits the input of the pulse 
generator to prevent portions of the square 
15 wave from producing output pulses, the 
short-circuit being removed to allow the 
production of the desired output pulses. 

Resetting means is provided which is res- 
ponsive to the trailing edges of output pulses 
20 to reset the flip-flop means and disable the 
pulse generator, preferably by differentiating 
the output pulses to produce resetting trigger 
pulses. Setting means is provided which is 
responsive to a square wave from the square 
25 wave generator to set the flip-flop means at 
or after the trailing edges of excursions of 
said one polarity next preceding the utilized 
non-sequential excursions but prior to the 
utilized excursions. Preferably the square 
30 wave is differentiated to produce setting 
trigger pulses at edges of the square wave 
next preceding the output pulses. The re- 
setting may be accomplished by a short-cir- 
cuiting device at the input of the flip-flop 
35 means which is triggered to establish the 
short-circuit briefly, and has a hish resist- 
ance thereafter which forms part of the 
differentiating circuit for the square wave. 
The resultant output pulses are amplified 
40 as required and utilized to drive test coil 
means for inducing eddy currents in an ob- 
ject under test and producing output signals 
varying with defects or flaws in the object. 
It is particularly contemplated to elimin- 
45 ate alternate excursions of one polarity of 
the square wave, thereby yielding output 
pulses having a 25% duty cycle and a PRF 
one-half the initial sine wave frequency. 
However, smaller duty cycles may be ob- 
50 tained by eliminating more than one ex- 
cursion between those yielding output pulses. 

The PRF of the driving pulses can readily 
be changed by changing the frequency of 
the sine wave oscillator, while maintaining 
55 accurate pulse generation. For a given duty 
cycle, changing the PRF changes the pulse 
width and hence the depth of penetration. 

With pulse excitation it has been found 
advantageous to supply the output signals to 
60 an amplifier which is tuned to emphasize 
signals corresponding to defects or flaws, 
and largely eliminate extraneous signals and 
noise, particularly any ringing in the test coil 
assembly which persists between applied 
65 pulses. With output pulses having a 25% duty 



cycle, tuning to the PRF of the pulses is 
preferred. This yields a signal having a 
strong frequency component at the PRF, 
and allows a high gating rate to be employed 
and high test speed. The resultant signal is 70 
then supplied to phase-sensitive detector 
means for developing signals corresponding 
to the defects or flaws, and the signals are 
subsequently processed and indicated or dis- 
played in known manner. 75 

Tuning the amplifier to other than the 
PRF of the driving pulses is possible, parti- 
cularly with less than 25% duty cycle, as 
will be described hereinafter. 

For display on a cathode ray oscilloscope, 80 
quadrature signals are desired, and to this 
end the output of the tuned amplifier can be 
supplied to a pair of quadrature gated de- 
tectors. 

With fixed gating, quadrature signals per- 85 
mit obtaining full information concerning 
defects or flaws, and for some applications 
fixed quadrature gating may suffice. In such 
case the invention provides means for gener- 
ating quadrature gates accurately related to 90 
the output pulses driving the test coil means. 
To this end, differentiating means responsive 
to the setting of the hold-off flip-flop pro- 
duces late gate pulses, A similar flip-flop 
is reset at the end of an output pulse simul- 95 
taneously with the hold-off flip-flop, and set 
at the leading edge of the square wave ap- 
plied to the pulse generator next following 
an output pulse. Differentiating means res" 
ponsive to the setting of the second flip-flop 100 
produces early gate pulses. Since the late 
and early gate pulses are definitely related 
to the square v/ave from which the output 
pulses are produced, stable timing with res- 
pect to the output pulses is assured. Sseci- 105 
fically, with 25% duty cycle pulses, the early 
gate pulses occur one-quarter cycle after the 
driving pulses, and the late gate pulses one- 
quarter cycle after the early gate pulses. 

Further features of the invention will in 110 
part be pointed out in the following descrip- 
tion of specific embodiments thereof, and 
in part be understood therefrom. 



Brief Description of the Drawings 



115 



Fig. 1 is a block diagram of a pulse eddy 
current flaw detector in which the invention 
may be employed; 

Fig. 2 is a circuit diagram of a pulse and 
quadrature gate generator in accordance 120 
with the invention; 

Fig. 3 shows waveforms for Fig. 2; and 
Fig. 4 is a circuit diagram of a modified 
pulse generator of the invention. 

125 

Description of the Specific Embodiments 

Referring to Fig. 1, a sine wave oscillator 
10 including a tank circuit 11 supplies a sine 
wave to a square wave generator 12. Differ- 
ent tank circuits may be connected to oscil- 130 



BNSDOCID: <GB 14056B6A_I_> 



1,405,686 



lator 10 through switch 13 so that the fre- 
quency of the sine wave can be selected as 
desired. Outputs of the square wave gene- 
rator are supplied to a pulse and gate gene- 

5 rator 14 and to a pulse hold-off circuit 15. 
The pulse hold-off circuit functions to 
alternatively allow and prevent the produc- 
tion of output pulses by the pulse generator 
in 14, so that the output pulses correspond 

10 to regularly recurring non-sequential excur- 
sions of one polarity of the square wave sup- 
plied to the pulse generator. Accordingly 
output pulses are supplied to pulse driver 16 
of desired duty cycle in which the pulses are 

15 precisely related in time occurence and dura- 
tion to the half-cycles in the input square 
wave which are not eliminated by the hold- 
off circuit. Thus, if alternate excursions of 
one polarity of the input square wave are 

20 eliminated, output pulses of 25% duty cycle 
and a PRF (pulse recurrence frequency) half 
the frequency of the input square wave, and 
hence half the frequency of the initial sine 
wave, may be produced. 

25 Generator 14 also produces quadrature 
gating pulses which are supplied to phase- 
sensitive detectors 17, 18. 

Output pulses from the pulse driver 16 
are fed to coil driver 19 and thence to the 

30 primary winding 21 of an eddy current flaw 
detector coil assembly. A pulse current regu- 
lator 22 is provided to insure that constant 
current pulses are applied to the primary 
coil. 

35 Two secondary coils 25, 25 1 are connected 
in series opposition to form a null coil 
arrangement which yields little or no out- 
put in the absence of a flaw or other irregu- 
larity in the object 26 fed therethrough, but 

40 yields an output varying in amplitude and/ 
or phase in the presence of a flaw or other 
irregularity. The output of the null coils is 
supplied through a switchable transformer 
27 to a tuned amplifier 28 which includes a 

45 switchable tuned circuit 29. Different trans- 
formers and tuned circuits may be switched 
into operation along with the switching of 
the oscillator tank circuit 11. 

With driving pulses of 25% duty cycle 

50 applied to primary coil 21, there will be a 
strong frequency component at the PRF of 
the pulses in the secondary coils in the pre- 
sence of flaws, etc. It is preferred to tune the 
amplifier 28 to the PRF of the driving pulses 

55 so as to obtain a maximum signal response 
to flaws, etc. Also, the tuning serves to re- 
duce noise and undesired frequency com- 
ponents which may exist in the output of 
null coils 25, 25 1 . The bandwidth of the 

60 tuned amplifier should be sufficient to en- 
compass side-bands resulting from flaws, etc. 

With a 25% duty cycle the duration of a 
pulse is one-quarter wavelength when the 
amplifier is tuned to the PRF, and this has 

•65 been found desirable for high efficiency. This 



corresponds to tuning to one-half the initial 
sine wave frequency. However, tuning to the 
second or perhaps higher harmonics of the 
PRF may be desirable in some cases, so that 
in general it is desirable to tune the arapli- 70 
fier to a multiple of the PRF, or a multiple 
of one-half the sine-wave frequency, the 
term multiple being understood to include 
"1". 

For duty cycles less than 25%, tuning to a 75 
frequency such that the pulse width is one- 
quarter wavelength is desirable to obtain 
good signal response. Inasmuch as the pulse 
width will still be one-half cycle of the ini- 
tial sine wave, this corresponds to tuning to 80 
one-half the sine wave frequency. 

The output of the tuned amplifier 28 is 
supplied to the phase- sensitive detectors 17, 
18, along with the quadrature gates from 
generator 14, to produce quadrature signal 85 
components. These are fed to respective 
amplifiers and filters 31, 32 and then to an 
indicator 33 such as a cathode-ray tube, in 
accordance with known practice. 

Referring to Figs. 2 and 3, a circuit dia- 90 
grame and waveforms are shown for gene- 
rator 14 and hold-off circuit 15 of Fig. 1. 
Pulse driver 1 6 is also shown, omitting com- 
ponents thereof relating to the current regu- 
lation of the above-identified application. 95 
Letters b — k on Fig. 2 refer to correspond- 
ing waveforms in Fig. 3. Dotted blacks 14 l , 
14 11 and 14 11 1 are portions of block 14 in 
Fig. L separated for convenience. Block 14 1 
is primarily concerned with driving pulse 100 
generation, whereas blocks 14" and 14" 1 are 
primarily concerned with generating early 
and late quadrature gating pulses. In Fig. 3 
the reference level "O" indicates voltage 
levels at or near ground potential or other 105 
reference potential, and level indicates 
a voltage positive to ground, so as to indic- 
ate the direction of the pulse excursions. Fig. 
3 is primarily a timing diagram, and differ- 
ences in amplitude are not shown. For con- 110 
venient reference, times Tl — 213 are shown 
at the top of the figure. 

The transistors in Fig. 2 are of the NPN 
type (except Q5) with the emitter arrow 
pointing away from the base, but it will be 115 
understood that PNP transistors could be 
employed if desired, with appropriate change 
of voltages, etc., as will be understood by 
those skilled in the art. 

Square wave b from generator 12 is sup- 120 
plied through a coupling circuit to the base 
of transistor Ql. Emitter bias is supplied by 
diode Dl shunted by a cpacitor. A hold-off 
voltage is supplied through line 41 from the 
hold-off circuit 15 to eliminate alternate 125 
positive excursions of the square wave and 
yield waveform g at the collector output of 
Ql, the pulses amplified by Ql being in- 
verted in polarity as shown in Fig. 3(g). 

The hold-off voltage is developed in block 130 
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15. An inverted square wave c is developed 
in generator 12, as by feeding square wave b 
to an inverting amplifier. The inverted wave 
is supplied to a differentiating circuit includ- 
5 ing capacitor 42 and resistor 43, to produce 
short spikes or trigger pulses of opposite 
polarity at the leading and trailing edges as 
shown in Fig. 3(d). Positive triggers pass 
through D2 to the base of Q6, negative trig- 
10 gers being ineffective as will be described. 
Transistors Q6, Q7 are connected as a flip- 
flop with feed-back through diode D3 and a 
series resistor. Q9 is normally off (non-con- 
ducting). 

15 The base of Q6 is slightly positively biased 
through resistors 40, 43 and D2 and the cir- 
cuit constants of the flip-flop are selected so 
that, when Q6 is off, its base bias is only 
slightly below its trigger level so as to speed 

20 up triggering for high speed operation. 

Assuming that Q6 is initially off, Q7 will 
be on (conducting) and the output of Q7 
will be low (near ground) as shown for ex- 
ample in Fig. 3(e) between times T2 and T4. 

25 Feed-back from Q7 will maintain the base 
of Q6 low, and negative triggers in d will 
be ineffective. Diode D2 further assures that 
negative triggers will have no effect. At T4 
a positive trigger in d will turn Q6 on, and 

30 hence Q7 off. so that the output of Q7 will 
go high (near V-f ) as shown in Fig. 3(e) 
between T4 and T6. 

While Q7 is on between T2 and T4, its 
low output to diode D4 will maintain line 

35 41 low and hold the base of Ql near ground. 
This, together with the bias on QL substan- 
tially short-circuits the Ql input. Thus the 
positive excursion 43 of square wave b be- 
tween T3 and T4 will be ineffective, as 

40 shown at /. However, when Q7 goes off and 
its output e goes high at T4, diode D4 will 
be back biased and its short-circuiting effect 
removed. The next positive excursion 44 of 
square wave b will be effective at Ql to turn 

45 it on, and its output g will go low to pro- 
duce pulse 45. As will be noted, pulse 45 
is an inverted replica of pulse 44 thus assur- 
ing precise timing and duration of the pulse. 

The output circuit of Ql includes a differ- 
50 entiating circuit comprising capacitor 46 
and resistor 47, producing negative and posi- 
tive trigger pulses in Jine 48 at the leading 
and trailing edges of pulse 45. Line 48 is 
connected to the base of Q9 and negative 
55 triggers will be ineffective. However, the 
positive trigger at the trailing edge of pulse 
45 at T6 causes Q9 to conduct, thus bring- 
ing the base of Q6 to substantially ground 
level and turning it off. This turns on Q7 
60 and causes its output e to go low at T6. Q6 
and Q7 are now in their "initially assumed 
conditions and the sequence of operations 
repeats. It may be noted that the positive 
trigger in d at T6 will be ineffective, due to 



the short-circuiting action of Q9 at the time 65 
it occurs. 

The overall result is a pulse wave at g in 
which the PRF is one-half the frequency of 
the square wave at b and the sine wave at a 
in Fig. 3. Wave g has a 25% duty cycle and 70 
the pulses accurately coincide with corres- 
ponding alternate positive excursions of b 
and half-cycles of a. 

The pulses from Ql are supplied to Q2 
functioning as an emitter follower and 75 
thence to Q3 serving as an amplifier and 
inverter. The output of Q3 is shown in Fig. 
3(h) and is supplied to the inputs of Q4, Q5 
connected as a complementary amplifier, 
thus yielding an amplified pulse output at 80 
line 49 which is utililed to drive primary 
coil 21 (Fig. 1). 

As mentioned above, quadrature gate 
pulses are developed which are precisely re- 
lated to the pulses applied to coil 21. These 85 
may be termed early and late gates, spaced 
90° apart with respect to the fundamental 
frequency of the coil pulses which is equal 
to the PRF. 

The early gate pulses are developed in 90 
block 14". The circuit comprising Q10, Qll 
and Q12 is the same as that in block 15, ex- 
cept that no hold-off output is fed to block 
14 1 . The non-inverted square wave b is sup- 
plied to block 14" so that differentiated 95 
triggers i are supplied to Q10 which coincide 
with triggers d applied to Q6 but are of 
opposite polarity. Q10 is turned off simul- 
taneously with Q6 at T6, by a trigaer pulse 
through line 48 to Q13 at the end of a driv- 100 
ing pulse 45. This turns on Qll and causes 
its output / to go low at T6. The next posi- 
tive trigger in f at T7 turns QI0 on and Qll 
off, hence causing / to go high at T7. Thus a 
pulse 51 is produced. Negative triggers in i 105 
are ineffective to turn Q10 off, as explained 
in connection with block 15, and the posi- 
tive trigger in i at T9 has no effect since Q10 
is already on. Consequently Q10 remains on 
until it is turned off by a positive trigger in 110 
line 48 at T10. The operation then repeats. 

The output j of Qll is supplied to a 
differentiating circuit comprising capacitor 
52 and resistor 53, and the resultant triggers 
are supplied to the base of Q12. Normally 115 
Q12 is off so that negative triggers are in- 
effective, and its output is high, as shown in 
Fig. 3(k). At the end of each pulse 51 in /, 
the output of Qll goes high to produce a 
positive trigger which actuates Q12 to pro- 120 
duce negative-going early gates 54 as shown 
in Fig. 3(k). 

Late gates are produced from the output 
e of Q7, since e goes positive one-quarter 
cycle later than gates 54. Output e is sup- 125 
plied to a differentiating circuit and Q8, 
which functions like Q12 and produces late 
gates 55 in Fig. 3(k). 

As will be observed, both gates are de- 
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rived from waveforms which are precisely 
related to the initial square and sine waves. 
The same applies to the driving pulses in g 
and h. Thus precise timing of both the 
5 pulses applied to primary coil 21 (Fig. 1) 
and the quadrature gating pulses applied to 
the detectors 17, 18 is assured. 

It will be recognized that with proper de- 
sign, the pulse and gate generator is cap- 
10 able of functioning over a considerable 
range of frequencies, as determined by the 
switchable components of Fig. 1. At each 
frequency the stability of the sine wave oscil- 
lator determines the stability of the pulse 
15 and gate generation, and stable sine wave 
oscillators may be built without undue ex- 
pense. For a wide range of selectable fre- 
quencies, e.g. from 2.5 KH to 600 KH, it 
may be desired to change certain circuit con- 
20 stants. For example, it may be desirable to 
reduce the value of the differentiating resistor 
53 at the input of Q12, and similarly for Q8, 
to reduce the time constant at higher pulse 
rates. In such case, short-circuiting transis- 
25 tors may be connected across respective por- 
tions of the resistors, and actuated along 
with the switchable components. 

In the above description the flip-flops have 
two stable states which have been described 
30 in terms of "on" and "off" conditions of the 
transistors thereof. Conveniently the two 
states may be described as "set" and "reset" 
states. In this terminology, the flip-flops are 
reset at the trailing edges of the output 
35 pulses through line 48. The hold-off flip-flop 
is set by trigger pulses at edges of the square 
wave next preceding the output pulses, and 
the early gate flip-flop is set at the edges of 
the square wave next following the output 
40 pulses. 

The gate circuits of Fig. 2 produce quad- 
rature gates which are in fixed time rela- 
tionship to the output pulses applied to coil 
21, and occur after the output pulses have 
45 terminated. Thus no power is being supplied 
to coil 21 when gating takes place. 

In applications where it is desired to gate 
the detectors at different times from those 
illustrated in Fig. 3(k), while preserving pre- 
50 cise driving pulse generation, the gating por- 
tions of Fig. 2 may be omitted. Also, some- 
what less precise setting of the hold-off cir- 
cuit is possible without impairing the driv- 
ing pulse generation, since the hold-off cir- 
55 cuit is not used for gate pulse generation. 
Fig. 4 illustrates a somewhat simpler driv- 
ing pulse generator. 

Referring to Fig. 4, block 12 shows a 
square wave generator, block 14 is a modi- 
60 fled pulse generator, and block 15 is a modi- 
fied hold-off circuit. 

The tank circuit 11 of the oscillator 10 is 
shown in phantom, and the sine wave there- 
across is supplied through a coupling circuit 
65 61 to Q14. Q14 functions as an emitter fol- 



lower and its base is biased by the coupling 
circuit and adjustable resistors 62 to a point 
between ground and V+ to eliminate nega- 
tive excursions of the sine wave and yield 
an output 63 of 50% duty cycle. This is sup- 70 
plied to a square wave generator including 
Q15 and Q16. 

Q15 conducts on positive excursions of 
input wave 63 and clips the wave to yield an 
inverted square wave in line 64 similar to 75 
that shown in Fig. 3(c) but not necessarily 
as perfect. That is. the sides of the wave 
may be less steep and the corners may be 
slightly rounded. This wave is supplied to 
Q16 which further amplifies, clips and in- 80 
verts to yield a good square wave in its out- 
put line like that shown in Fig. 3(b). 

The square wave is supplied to Qi7 in 
pulse generator block 14. Q17 functions 
similarly to Ql in Fig. 2 but the circuit is 85 
simplified by omitting the diode and shunt 
capacitor in its emitter circuit and the hold- 
off signal is applied differently. 

The hold-off circuit in block 15 is a flip- 
flop including Q18 and Q19, functioning 90 
similarly to Q6 and Q7 in Fig. 2, but simpli- 
fied by omitting the diodes D2 and D3 and 
the input biasing resistors. Here capacitor 66 
and Q20 form a differentiating circuit for 
the inverted square wave applied through 95 
line 64. Q20 is off, and hence of high resist- 
ance, except at the trailing edges of output 
pulses such as 45 in Fig. 3(g). The differen- 
tiation of the inverted square wave in line 
64 produces positive and negative triggers 100 
similar to those shown in Fig. 3(d) although 
they may be less sharp. This can be toler- 
ated in this embodiment, as will be ex- 
plained. 

As previously explained, at the end of a 105 
driving pulse from Q17 as shown in Fig. 
3(g), say at T2, a positive trigger in line 48 
will turn Q20 on, thereby turning Q18 off. 
The simultaneous occurrence of a positive 
trigger in d at T2 will be ineffective due to 110 
the short-circuiting action of Q20, and also 
since the low resistance of Q20 will practic- 
ally eliminate differentiation. Q19 will be 
turned on and the feed-back through resistor 
67 will maintain Q18 off. The negative 115 
trigger at T3 in d will be ineffective, but the 
next positive trigger at T4 will turn Q18 on 
and reverse the flip-flop. The output of Q18 
will be high from T2 to T4, the inverse of e t 

120 

as indicated by e. This output is fed through 
resistor 68 and line 69 to the base of Q21, 
thus turning Q21 on and short-circuiting the 
input of Q17. Thus the positive excursion 43 
of b will be eliminated. From T4 to T6 the 125 
output of Q18 will be low, thus turning Q21 
off and allowing Q17 to pass the next posi- 
tive excursion 44 of h. Accordingly the input 
/ and output g of Q17 will be the same as 
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in Fig. 2. The use of the inverted waveform 

e in Fig. 4 is because Q21 is used to dis- 
able the input of Q17, rather than the diode 
5 D4 of Fig. 2. 

The use of a less perfect inverted square 
wave in line 64, mentioned above, is per- 
mitted in Fig. 4 without affecting the accur- 
acy of pulse generation. A slight delay in 

10 turning Q18 on after T4 can be tolerated, 
since the next positive excursion of square 
wave b occurs at T5. The termination of 
pulse 45 in the output of Q17 turns Q18 
off as in Fig. 2. Thus the output pulses g 

15 from Q17 accurately correspond to alternate 
positive excursions of square wave b. 

The output of Q17 is supplied to Q2 and 
subsequent portions of the circuit may be as 
in block 14 1 of Fig. 2. 

20 The terminology "set" and "reset" may 
be applied to Fig. 4 as described in connec- 
tion with Fig. 2. 

In the foregoing embodiments direct and 
inverted square waves are supplied to the 

25 pulse generator and hold-off circuits to 
secure the desired timing. It will be under- 
stood that the choice depends on the de- 
tailed circuit design, for example direction 
of triggering, etc. The various V+ voltages 

30 may be selected in view of the detailed de- 
sign. 

If less than 25% duty cycle is desired, the 
pulse hold-off circuit may be modified to 
eliminate the effect of one or more trigger 
35 pulses following reset by an output pulse 
before the circuit enables the pulse generator 
to pass the next excursion of the square 
wave. 

Although the block diagram of Fig. 1 

40 specifically illustrates a flaw detector, it will 
be understood that the pulse generators, and 
gate geenrators if desired, may be used in 
other types of eddy current testing appara- 
tus such as the comparators, etc., previously 

45 mentioned. It will also be understood that 
various features of the invention may be em- 
ployed, and others omitted, as meets the re- 
quirements of a particular application, and 
the detailed circuit design changed as de- 

50 sired. 

WHAT WE CLAIM IS: — 
1. Pulse eddy current testing apparatus 
which comprises 

(a) a sine wave oscillator, 

55 (b) a square wave generator supplied 
with the sine wave from said oscillator for 
producing a square wave therefrom having 
the same frequency, 

(c) a pulse generator supplied with said 

60 square wave and a pulse hold-off circuit co- 
operating therewith for producing output 
pulses corresponding to regularly recurring 
non-sequential excursions of one polarity of 
the square wave supplied to the pulse gene- 

65 rator, 



(d) said pulse hold-off circuit including 
flip-flop means having set and reset states, 

(e) control means responsive to the set 
and reset states of said flip-flop means for 
respectively allowing and preventing the pro- 70 
duction of output pulses by said pulse gene- 
rator, 

(f) resetting means responsive to the 
trailing edge of an output pulse from said 
pulse generator for resetting said flip-flop 75 
means, 

(g) setting means responsive to a square 
wave from said square wave generator for 
setting said flip-flop means at or after the 
trailing edges of excursions of said one pcla- 80 
rity next preceding said non-sequential ex- 
cursions but prior to said non-sequential ex- 
cursions, 

(h) test coil means for inducing eddy 
currents in an object under test and produc- 85 
ing output signals varying with defects or 
flaws in the object, 

(i) and means for utilizing said output 
pulses to drive said test coil means. 

2. Apparatus in accordance with claim 90 
1 in which said setting means sets said flip- 
flop means at or after the trailing edges of 
alternate excursions of said one polarity of 
the square wave supplied tp said pulse gene- 
rator but prior to the respective next excur- 95 
sions thereof, whereby output pulses of 25% 
duty cycle and a PRF one-half the frequency 

of said sine wave oscillator are produced. 

3. Apparatus in accordance with claim 

1 in which said control means includes 100 
short-circuiting means responsive to the re- 
set state of said flip-flop means to short- 
circuit the input of said pulse generator. 

4. Apparatus in accordance with claim 

1 in which said setting means includes means 105 
for differentiating a square wave from said 
square wave generator to produce setting 
trigger pulses at edges of the square wave 
next preceding said output pulses respec- 
tively, and means for utilizing said setting 110 
trigger pulses to set said flip-flop means. 

5. Apparatus in accordance with claim 
4 in which the square wave supplied to said 
setting means is inverse with respect to the 
square wave supplied to said pulse gene- 115 
rator. 

6. Apparatus in accordance with claim 5 
in which said resetting means includes 
means for differentiating the output pulses 

of said pulse generator to produce resetting 120 
trigger pulses at the trailing edges thereof, 
and short-circuiting means responsive to said 
resetting trigger pulses for resetting said 
flip-flop means, said short-circuiting means 
having a high resistance in the non-short- 125 
circuiting condition /thereof and forming 
part of the means for differentiating the 
square wave to produce said setting trigger 
pulses. 

7. Apparatus in accordance wfth claim 130 
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1 including a tuned amplifier supplied with wave supplied to said pulse generator, and 
said output signals of the test coil means, said gated phase senstive detector means in- 
said amplifier being tuned to a frequency eludes a pair of gated phase-sensitive de- 
substantially one-half the frequency of said tectors, and including means for generating 

5 sine wave oscillator, and gated phase-sensi- early and late gate pulses for respective de- 35 

tive detector means supplied with the output tectors comprising 

of said amplifier for producing signals cor- (a) a differentiating means responsive to 
responding to said defects or flaws in the the setting of said flip-flop means for pro- 
object, ducing said late gate pulses, 
10 8. Apparatus in accordance with claim (b) second flip-flop means having set and 40 

2 including a tuned amplifier supplied with reset states, 

said output signals of the test coil means, (c) means for utilizing said resetting trig- 
said amplifier being tuned to substantially a ger pulses to reset said second flip-flop 
multiple (including 1) of the PRF of said means, 

15 output pulses, and gated phase-sensitive de- (d) means for differentiating a square 45 

tector means supplied with the output of wave from said square wave generator to 

said amplifier for producing signals corres- produce setting trigger pulses at edges 

ponding to said defects or flaws in the ob- thereof next following said output pulses 

ject. respectively, 

20 9. Apparatus in accordance with claim (e) means for utilizing the last-mentioned 50 

8 in which said amplifier is tuned to sub- setting trigger pulses to set said second flip- 
stantially the PRF of said output pulses. flop means, 

10. Apparatus in accordance with claim (f) and differentiating means responsive 

9 in which said resetting means includes to the setting of said second flip-flop means 

25 means for differentiating the output pulses for producing said early gate pulses. 55 

of said pulse generator to produce resetting 11. Pulse eddy current testing apparatus, 

pulses at the trailing edges thereof for re- substantially as described with reference to 

setting the flip-flop means, said flip-flop the accompanying drawing, 
means is set at the trailing edges of alternate 

30 excursions of said one polarity of the square CRUIKSHANK & FAIRWEATHER 
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